Abstract Multigrain composite mixes were prepared from different cereals, legumes, millets, nuts along with condiments by different processes. Multigrain composite mixes had 10 to 12% moisture, 56 to 61% carbohydrate, 15 to 20% protein, 9 to 13% crude lipid and 2 to 3% ash. Energy value ranged from~1600 to 1700 kJ/100 g. Among the vitamins studied, thiamine and riboflavin content varied from 0. 23 to 0.45 mg% and from 8.7 to 21.6 microgram% respectively. Dietary fibre was in the range of 12.4-16.5%. Swelling power of these mixes was about 10; however solubility varied from 17 to 22%. In-vitro Starch digestibility varied from 60 to 76%. Phytic acid content in these multigrain composite mixes varied from 0.6 to 0.8%. Polyphenols ranged from 1.2 to 1.5%, DPPH free radical scavenging activity ranged from 75.2-86.2% and metal chelating activity ranged from 1.9 to 3.9%. Pasting profile by a Brabender Viscograph of these mixes indicated that they have cross linked starch type behaviour. These multigrain composite mixes can be used for the preparation of food formulations, savory products, pan cake, snacks preparation like muruku and chakli.
Introduction
The consumption of cereals and legumes all over the world gives them an important position in international nutrition. Besides the high starch and protein content as energy source, these grains provide dietary fibre, nutritious protein and lipids rich in essential fatty acids. Important micronutrients present in cereals are vitamins, especially many B vitamins, minerals, antioxidants and phyto-chemicals. However, processing may change the levels of the bioactive components in grains. In addition, interactions between cereals and legumes with nuts, oil seeds and condiments have effects on the nutritional quality of food products. Arya (1990) reviewed variety of different type of grain based and convenience food prepared either at home or at small scale industry. Alternative cereals like barley, sorghum, millet, amaranth and along with other grains like flax seed, quinoa were used for extrusion (Eastman and Lee 2005) . Whole grain flour from barley, millet, rye and sorghum were evaluated individually and along with blends of wheat flour and their pasting behaviour were studied by Rapid Visco-analyzer, these blends were used for making bread, cake and cookie or snack products. A multigrain snack helps in high intake of fibre and health enhancing components (Ragaee and Abddel Aal 2006) . Multigrain snacks were also prepared by making dough, sheeting, cutting into pieces and baking (Faa and Lai 2008) . In another study, a multigrain shelf stable savory and sweet snacks were prepared which was high in fibre and low in fat (Karwowski et al. 2008) . Kraft foods holdings prepared new breakfast foods which aim at reducing childhood obesity and increasing health benefits (Holay 2007) . Reduced calorie, palatable snack products were prepared by using whole grain by NIR partial cooking followed by extrusion and deep freezing (Huber et al. 1992) .
In this laboratory-the nutrient composition and physicochemical properties of Indian medicinal rice Njavara was studied by Deepa et al. (2008) and reported that the dehusked rice of Njavara had higher content of protein, thiamine, riboflavin, niacin and dietary fiber compared to two non-medicinal rice I R -64 and Jyothi. Odunayo and Singh (2007) reported the effect of cooking on the profile of phenolics, tannins, phytate, amino acid, fatty acid and mineral contents of whole grain and decorticated cowpea. They also studied the functional properties of flours and starches of the same cowpea varieties and concluded that starches posses higher viscographic profile compared to the flour of the same variety (Odunayo and Singh 2008) . Bong and Singh (2009) studied the cooking behavior of rice and black gram in the preparation of idli, a traditional fermented product of Indian origin and reported that pasting profile of fine rice was different compared to the coarse rice and their behavior along with black gram on cooking differs compared to the individual commodities. Anti-oxidant activity and chemical composition of mung bean seeds were studied by Anwar et al. (2007) . Similar properties were also studied for hot air dried and freeze-dried pumpkin flours by Fei Que et al. (2008) . In the present work, an attempt has been made to prepare common multigrain composite mixes, by using whole grains of cereals, pulses and millets which can be made use of in the preparation of many products like savory, pan cake, snacks like muruku etc. Nutrients, antioxidant properties and some functional properties of these multigrain composite mixes were studied and they are reported in this paper.
Materials and methods
Cereals and millets-rice (Oryza sativa L.), wheat (Triticum aestivum), ragi (Eleusine coracana L.), pulses-whole chick pea (Cicer arietinum), whole green gram (Phaseolus aureus Roxb), puffed bengal gram (Cicer arietinum), defatted soya powder (Glycine max Merr), nuts and oil seeds: almond (Prunus amygdalus), cashew nut (Anacardium occidentale), sesame (Sesamum indicum), condiments-poppy seeds (Papaner somniferum) were purchased from local market in Mysore, Karnataka, India, from a single batch. The grains were cleaned, kept in air tight polyethylene bags, in a cool and dry place prior to use. Gallic acid, Folin-Ciocalteu's reagent, phytic acid, riboflavin, thiamine standards and enzymes for digestion of starch and dietary fibre estimation, pepsin, pancreatin, termamyl (A 3403) and amyloglucosidase were from M/s Sigma Chemical Co., (St. Louis, MO, USA). All other chemicals were of analytical grade.
Flow chart for the preparation of four different multigrain composite mixes Fig. 1 .
In Mix A, 1 kg of finger millet, 0.25 kg of each of wheat, rice, Bengal gram, green gram, puffed Bengal gram, 0.1 kg of cashew, almond, sesame, poppy seeds. Other treatments have been informed in the following steps for the preparation of Mix B (Mix A with 0.1 kg ground nut), Mix C (steamed mix B) and Mix D (Mix A with 0.1 kg defatted soya flour). These were processed as informed in the Fig. 1 . These mixes were analysed for the following parameters.
Proximate analyses The moisture content of the multigrain composite mixes was determined by drying at 105°C until a constant weight was attained as per AOAC 2000. The micro Kjeldhal method was employed to determine the total nitrogen and the crude protein content (Nx6.25) (AOAC 2000) . Crude lipid was estimated by extraction with petroleum ether (60-80°C), with a soxhlet apparatus and ash contents were determined as per AOAC 2000. Dietary fibre was estimated using the rapid enzymatic assay of Asp Nils et al. (1983) . Vitamins viz., riboflavin and thiamine content were estimated as per AOAC methods (2000). Gross energy (kJ/100 g dry matter) was calculated based on the formula: (crude protein×16.7)+ (crude lipid×37.7)+(crude carbohydrates×16.7) (Ekanayakke et al. 1999) .
Colour Color values of samples are determined by using hunter lab scan XE model (M/S Hunter associate laboratory Inc., Reston-V.A., USA) with a view angle of 2°. Colour values of the samples were determined by the hunter system L, a, b values. In the hunter system 'L' indicates brightness or whiteness, positive 'a' value indicates redness and negative value indicates greenness. Positive 'b' value indicates yellowness and negative 'b' indicates blueness, 'ΔE' indicates the overall average colour.
Functional properties Water absorption capacity (WAC) of multigrain composite mixes was determined according to the method of Anderson et al. (1969) . Water solubility index (WSI) of these mixes was determined from the amount of dried solids recovered by evaporating the supernatant from the multigrain composite mixes according to the method of Anderson et al. (1969) . Swelling and Solubility were measured at boiling water temperature according to the method of Singh et al. (2000) . Sedimentation volume was determined as per the method of Bhattacharya and Ali (1976) . Bulk density was determined according to the method of Wang and Kinsella (1976) .
Antinutritional factors Phytic acid was determined according to the method described by Odunayo and Singh (2007) . The concentration of total phenolic compounds in multigrain composite mixes was measured according to the spectrophotometric method of Singleton et al. (1995) . Gallic acid was used as standard and phenolic compounds were expressed as gallic acid equivalents (GAE; g/100 g of dry matter).
Antioxidant activities Free radical scavenging activity of the mixes was measured using 1, 1-diphenyl-2-picrylhydrazil (DPPH) by the method of Shimada et al. (1992) . Metal chelating activity of multigrain composite mixes on Fe +2 was measured according to the method of Dinis et al. (1994) .
In-vitro starch digestibility This was estimated according to the method described by Ngo Som et al. (1992) .
Pasting characteristic This was studied with a Brabender Viscograph, Type VSK 4 (Duisburg, FRG) fitted with a 700 cmg sensitivity cartridge. Brief procedure followed was as described in Bong and Singh (2009) .
Statistical analyses
The results are expressed as mean± standard deviation. All the data were analyzed by one way analysis of variance (ANOVA) followed by multiple comparison test (Tukey's test) at 5% level of significance. A value of p<0.05 was considered statistically significant.
Results and discussion
Proximate composition Moisture content of the multigrain composite mixes varied from 10 to 12% (Table 1) . Carbohydrate, determined by difference varied from 56 to 61%, among which Mix A had highest carbohydrate, as this mix contained grains which are rich sources of carbohydrate compared to other mixes. Mix B, Mix C and Mix D had lower content of carbohydrate as they contained (Table 1) . The difference is due soya and ground nut contents. Lipid content varied from~9-13%. Mix B had the highest and Mix D had the least lipid content. This could be due to presence of ground nut in the former and defatted soya flour in the latter. Other two composite mixes had similar lipid content. Ash content was highest in Mix D and least in Mix A, which may due to the presence of seed coat in the grains, as majority of the grains were used along with the seed coat. Mix B showed the highest energy content, which was around 1700 kJ/100 g while the least energy was in the Mix D (1600 kJ/100 g). Mix A and Mix C had intermediate energy value, thus indicating no substantial change in nutritive value and energy content due to processing.
Vitamins Thiamine content of Mix A and Mix C was high, which was around 0.39 and 0.45 mg% respectively (Table 1 ). The thiamine content in Mix C was high, probably while steaming, the vitamins will move inside the kernel from the seed coat and aleurone layers of the grain and hence while processing of the grains, loss will be less compared to other grains; and hence the values of thiamine content may be high (Singh et al. 2004) . Mix B and Mix D had around 0.23-0.27 mg%, which were lower compared to Mix A and Mix C. In the case of riboflavin, Mix C has 21.6 μg%, again proving the fact as explained above. In the case of other multigrain composite mixes almost same values were noticed. Water absorption capacity (WAC) and water solubility index (WSI) In the present study, grains were toasted and ground for size reduction. As these were multigrain composite mixes, only insignificant differences were noticed between the values of WAC, as all values were between 2.3 and 2.4(g/g) ( Table 1 acid residue in proteins as well as polysaccharides have been reported to lead to varying water absorption capacity (Kinsella 1976 ). In the case of WSI, the values varied from 4.8-6%. Highest was shown by Mix D (~6%), indicating degradation of starch and denaturation of proteins to some extent. In other composite mixes values were almost same.
Sedimentation volume Sedimentation volume indicates the extent of gelatinization in the material. In the present study, the composite mixes viz., Mixes A, B and D were made from toasted grains, while Mix C was also steamed in addition to toasting. The values indicate that the extent of gelatinization was similar in Mix B and Mix C (Table 3) . However Mix A and Mix D had higher values compared to Mix B and Mix C.
Swelling and solubility Swelling power at boiling condition of water was almost same in all the composite mixes (9.5 to 10) (Table 3 ), but some differences were observed in the solubility. Solubility values were high indicating greater extent of the starch degradation and vice versa. Least solubility indicates that the starch degradation was quite less, where leaching of the linear components were less. Mix C showed low solubility, indicating it has undergone less degradation under the condition of the steaming experiments carried out. Mix B in which ground nut powder was one of the ingredients and starch from other grains had undergone high degradation; hence the value noticed was high.
Bulk density The values of the bulk density of composite mixes indicated that the values were almost similar in the case of Mix B, Mix C and Mix D (Table 3) . However, the values were high for these mixes compared to Mix A, resulting probably from the groundnut and soya flour components in these mixes. In the Mix A the value was quite less (0.6 g/ml), indicating the differences in composition of the composite mixes.
In-vitro Starch digestibility Starch digestibility was high in Mix A (76%) indicating that the starch in this mix is easily accessible to alpha -amylase. Least starch digestibility was seen in the case of Mix D with defatted soya flour and brown rice flour (60%) (Fig. 2) and it was not significantly different from Mix C. Both the mixes contain protein-rich flour like groundnut and defatted soya and their interaction with starch is likely to lead to a proteinstarch network, where starch may not be easily accessible to<alpha>-amylase.
Antinutritional factors Phytic acid being an anti-nutrient, it lowers the bioavailability of minerals and inhibits the digestibility of proteins. Mix B and Mix C had highest phytic acid content (0.8%) and Mix D had least (0.6%) ( Table 4 ). In between value was shown by composite Mix A. Steaming and roasting were more effective in reducing phytic acid in chickpea and pigeon pea than black gram, mungbean and soybean (Chitra et al. 1996) . Total phenolic compounds in all the four different composite mixes varied from 1.2 to 1.5% of the methanolic extract (Table 4) . Phenolic compounds usually form insoluble complexes with protein, there by interfering with their bioavailability (Liener 1994) . The phenolic compounds were similar in Mix A and Mix D (~1.2%) except in the case of Mix B and Mix C, where it was high by about 1.4-1.5%. This may be due to the effect of added groundnut powder in these mixes. Generally it is well known that while steaming nutrients move towards endosperm as it occurs while parboiling of rice (Sashikala et al. 2005) . Antonio et al. (2003) , observed an increase in hydroxyl methyl furfural, an intermediate in Maillard reaction, in plums dried between 60 and 85°C. Steam exposure might also have contributed to high total phenol in Mix C, as the free phenolic groups may be exposed during denaturation of proteins and consequent destabilization of the protein-polyphenol complex.
Viscographic parameters On cooking these composite mixes individually, various parameters measured in the Brabender Viscograph are shown in Table 5 . At lower concentration like 8% and 10%, peak viscosity could not be measured. Hence 12% concentration was considered, as measurable parameters could be seen with this concentration. Gelatinization temperature of the Mix A was high (85°C); indicating that the semi-crystalline nature of starch granules in this mix will begin to lose at high temperature. Mix C had least gelatinization temperature, indicating the granules in this mix loses their birefringence at an early temperature compared to other composite mixes, due to the pre-gelatinization occurring at the steaming stage itself. Other two composite mixes showed almost same gelatinization temperature.
Peak viscosity is the viscosity where the starch granules reach highest swelling while cooking. We observed that the Mix A showed highest peak viscosity of about 520 B U, indicating the combined starch granules of each grain in this mix will try to swell maximum compared to other composite mixes along with leacheates of protein molecules of the mix, which may be enhancing the viscosity. Next highest was shown by Mix C, where the value was around 340 B U. Probably as the Mix C had undergone steaming, its viscosity might have reduced compared to the Mix A. The extent of swelling was almost same in the case of Mix B as well as Mix D, indicating these grains has achieved cooked nature, while processing the grains, and hence the peak viscosity was less compared to other two composite mixes.
Hot paste viscosity (HPV) is the viscosity registered at the end of cooking. It was observed that in the Mix A, the HPV was 410 B U, where the swollen granules had broken down and hence the viscosity had come down compared to the peak viscosity. In the case of Mix B, Mix C and Mix D, the values did not change compared to peak viscosity. It was an indication that the swollen granules did not change or did not break, indicating that these three composite mixes were behaving like cross linked starch, as cross linked starch will not break down while cooking. Break The cold paste viscosity (CPV) values were high in the case of Mix A, however in other composite mixes the values were less. Correspondingly the Set Back were high in Mix A, but in others these values were less indicating the fact that in the Mix A higher retrogradation had taken place and in others lesser retrogradation had taken place compared to the Mix A.
Total set back was also high in the case of Mix A, indicating that retrogradation was high in this mix. In others the total set back was less and hence the quantity of linear molecules was less in these composite mixes, hence precipitation of these molecules was also less in these composite mixes.
Free radical scavenging activity The effect of antioxidants on DPPH radical scavenging was thought to be because of their hydrogen donating ability. DPPH is a stable free radical and accepts an electron or hydrogen radical to become a stable diamagnetic molecule (Soares et al. 1997) . The reduction capability of DPPH radicals was determined by the decrease in its absorbance at 517 nm induced by the antioxidants. Lower absorbance of the reaction mixture indicates higher free radical scavenging activity. Scavenging activity varied from~75 to 86% (Fig. 3) . Mix C showed highest value followed by Mix B, Mix D and Mix A. The presence of non-antioxidant compounds like amino acids in the methanolic extracts may produce more antioxidant capacity and may interfere with the polyphenols present in the food matrix, producing a higher antioxidant capacity which is observed in steamed composite mix (PerezJimenez and Saura-Calixto 2006).
Metal chelating capacity
It is an important property as it reduces the concentration of the catalyzing transition metal in lipid peroxidation (Yildirim et al. 2001 ). An extract with higher binding ability would prevent or inhibit reaction such as Fenton's type reaction, which generates reactive hydroxyl radicals. Ferrozine can quantitatively form complexes with Fe ++ . In the presence of chelating agents, the complex formation is disrupted with the result that the red colour of the complex is decreased. Measurement of colour reduction therefore allows the estimation of chelating activity of the co-existing chelator. The range and the mean Fe 2+ chelating capacities varied among the four mixes. From Fig. 4 , it is clear that Mix A and Mix D showed almost same chelating activity towards higher values, however Mix B and Mix C showed lower chelating activities. It was reported that the compounds with structures containing functional groups: -OH, -SH, -COOH, -PO 3 H 2, C=O, -NR 2 , -S-and -O-is favourable to metal chelation activity (Lindsay 1996; Yuan et al. 2005) . Thus molecules including organic acids such as citric, malic, tartaric, oxalic, succinic, lipoic, phytic acid and polyphenols can increase the chelating ability and chelate pro-oxidant metal ions, like iron and copper thus preventing free radical formation from these pro-oxidants (Bhadari and Kawabata. 2004) . Mix A and Mix D showed higher chelating activity as they had substantial amount of above mentioned functional groups compared to that of Mix B and Mix C.
Conclusion
Generally traditional food items are prepared with various combinations of food grains-cereals, millets, legumes etc. Taking into consideration their contribution to either nutrition or functional properties these multigrain composite mixes can be used for the preparation of various or specific food items. An attempt has been made to prepare the multigrain composite mixes. Its various functional, nutritional, anti-oxidant properties have been studied. These multigrain composite mixes have been used for the preparation of food formulations which finds use in the preparation of savory products, snacks, pan cake, snacks like muruku etc.
